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A STUDY OF DURATION IN SPEECH PRODUCTION
Marilyn Bereiter
Temporal organization in speech production is a function of the brain's
transiuission of nervous impulses to the articulatory mechanisms. At this
time, it is only a matter of conjecture how or in what sequence the brain
"realizes" an idea and then processes lexical, syntactic and phonological
requirements before executing a single utterance. It is with the execution
of an utterance or a string of utterances that we are concerned here.
An utterance is a sequence of phonological units associated with a
time dimension. The smallest phonological unit is a single phoneme which
can be considered the most basic speech component. The question being
studied is which phonological unit (phoneme, syllable, word, etc.) con-
stitutes the minimal unit of brain transmission. If the phoneme (each
with a unique duration) was the basic unit, an impulse would be sent from
the brain which would activate articulation of that phoneme. Another im-
pulse would then be transmitted in the same manner, and another — until
the entire sequence of phonemes had been uttered. This would assume that
the duration of an utterance would be the sum of the durations of the
phonemic components. Studies have shown that if a phoneme is slightly
altered in duration, an adjacent phoneme will compensate by adjusting its
duration in order to ensure an apparently "scheduled" total duration
(Kozhevnikov and Chistovich, 1965).
The problem now is to establish the level or phonological unit in
which temporal compensation takes place (Lehiste, 1970). This would de-
termine the minimal unit of speech production. Two of the methods of in-
vestigation have yielded two non-compatible conclusions, but each contain
statistical validity. Lehiste (1970) showed that steady (/sted+i/) ac-
tually had a shorter duration than stead (/sted/) even though there was an
additional phoneme/ syllable. In one experiment she was able to conclude
that neither the phoneme nor the syllable could be the minimal unit of
speech production, since in both cases a longer duration for steady would
have been anticipated. In this experiment, the domain of temporal compen-
sation seemed to be the word level.
Kozhevnikov and Chistovich (1965) examined the relationships among
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the different phonological units with respect to carefully controlled
variation in the rate of speech. They assumed the concept of an articu-
latory program which dirdrts vhe production of speech segments without
temporal consideration. Then the rate of speech characterizes the speed
at which the articulatory program is realized. The results of their ex-
periment indicated that with a change in tempo, ratios among phonemes
vary significantly (in quick tempo, there was even evidencje of total
vowel reduction); however, syllables and words retained their same ratios
regardless of the rate of speech. Their conclusion was that the articu-
latory program is based on the syllable as the minimal unit of production.
The work that follows is based on the work of Kozhevnikov and Chis-
tovich (1965) following the premise that the syllable is the minimal unit
of speech production. The study involves repetition of a single sentence
at different tempos and a statistical analysis of the ratios between each
phonological level.
The sample sentence was : The tiger pounced onto the streaking chim-
panzee . This sentence breaks down into 32 phonemes, 12 syllables, 7 words
and 2 phrases (see Figure 1). Care was taken in choosing a sentence that
contained distinct and unambiguous segmental boundaries. Lehiste (1972)
discussed the perceptual reality of segmentation and concluded that the
production and perception of timing patterns is relative to changes in
manner of articulation. These changes are manifested quite clearly in
the visual display of the acoustic waveform. With this in mind, it was
desirable to intentionally alternate voiced and voiceless segments. The
sample sentence also had to be long enough so as to minimize the effects
of intonation. Since I wanted to determine relationships among units at
different levels, the sentence had to contain more than one phrase as well
as polysyllabic words and polyphonemic syllables.
There was only one subject who spoke the sentence three times each at
three different tempos, beginning with a normal rate of speech, then
quickening the pace and finally decreasing the tempo to a sub-normal rate.
The tempo intervals were rather arbitrary and subjective; a discussion of
their repercussions will be included later. The subject spoke directly
into a microphone that was connected to a Siemens Oscillomlnk. The signal
was amplified and then broken down into components and analyzed. The
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analysis was then siaultaneously charted on calibrated paper at the rate
of 10 cm/ sec. In order to determine the duration of each segment, the
acoustic waveforms as wll as the amplitude displays had to be studied.
By measuring the length of each segment represented on the oscillo-
grams, I was able to quantify the data in units of seconds. I had nine
separate samples belonging to three (hopefully) distinct groups or popu-
lations. Since I was interested in the ratios between phonological units
of the same structural level, I calculated a percent for each unit re-
presenting that unit's fraction of the next higher level. For example,
in Table la, P, represents 34.6% of S, in the slow group while ?„ repre-
sents 65.4% of S^. In Table ic, W^ is 16.0% of Ph^ and '^^ ^^ 84.0% of
Ph. also in the slow group. A mean was first computed from the raw data
(in seconds) and then the percent was determined rather than first com-
puting the percents and then taking a mean percent. This was done in
order to minimize variance within the groups in an effort to consider the
groups as representing three distinct speeds rather than a continuum.
After the percents had been calculated, I was interested in analyzing
how well correlated each level (phonological unit) of each tempo was with
the other tempos of that level. A multivariant analysis gave the following
correlation coefficients:
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not at all distinct; and in fact, most groups (especially at the phoneme
level) belong to the same population. Therefore, it is not at all sur-
prising to find the high correlation coefficients, since one would expect
a coefficient of +1 when correlating a group with itself.
1 would like to say that we could look for a few tendencies or gen-
eralities relating to the original hypothesis; but given the questionable
nature of these statistics, anything deduced from them would lack vali-
dity. However, I cannot refrain from pointing out one interesting obser-
vation: in Table 2 as the level increases, there exists a seemingly sig-
nificant increase in the distinctness of the groups. This is perhaps due
to the very essence of the problem. Each group at the sentence level is
unquestionably (statistically) and empirically distinct. With each re-
duction in level (decreasing the block of time that the component units
comprise), the amount of variability also is reduced. At the phoneme
level there is only one possible variable that could contribute to the
tempo discrimination. According to Kozhevnikov and Chistovich (1965),
certain phonemes (especially consonants) have very discrete duration
limits whereas the vowels can inctease or decrease in length almost in-
finitely. I had hoped to be able to point to a particular level and say
that it was the minimal unit of production.
The inconclusiveness of this study is not due to a wrong hypothesis
but rather to a non-rigorous experimental procedure. (The hypothesis may
or may not be correct but it is Impossible to make any judgment based on
these data.) Instead, a more precise timing mechanism must be imple-
mented to ensure the distinctness of each tempo. Kozhevnikov and Chisto-
vich (1965) used a buzzer that sounded when the utterance was to have been
ended. This enabled the subjects to pace themselves; and with some prac-
tice, a normalized tempo for each rate of speech could be achieved. With
such a mechanism, the sample size could easily be Increased which would
further ensure a more valid statistical analysis.
Depending on the results of a future experiment testing the same hy-
pothesis, further investigation should be focused tix^ards solving the dis-
crepancy between the results Lehiste (1970) achieved with her method of
experimentation and those deduced by Kozhevnikov and Chistovich (1965).
One possible procedure could Include Lehiste 's general approach of com-
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paring pairs of words like stead and steady but incorporating them into a
longer utterance. This would minimize any distortions in duration that
might be caused by intcna--io.i cf words in Isolation.
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Table la.
Phoneme Percent c_f Syllable for Three Rates of Speech
FAST NORMAL SLOW
'\
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Table lb.
Syllable Percent of Word for Three Rates of Speech
^1
s«
^12
Table Ic.
Word Percent of Phrase for Three Rates of Speech
FAST NORMAL SLOW
FAST
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Table 2a,
Mean Duration and Standard Deviation
of Phonemes for Three Rates of Speech
FAST NORMAL
P^3
p9
pl2
pl3
P^^pl^
P^^pl8
pl9
p20
p21
p22
o23
p"
p26
p27
"^28
p29
>31
32
no
23
:io
•12
24
Table 2d.
Mean Duration and Standard Deviation
of Phrases for Three Rates of Speech
FAST NORMAL SLOW
no
_
_ _
overlap X sd X sd X sd
Ph
